The purpose of this study was to evaluate effect of saliva decontamination procedures on microtensile bond strength (MTBS) of 1-step self-etching adhesives to dentin of primary posterior teeth.
Ⅰ. Introduction
Isolation from saliva and moisture is considered as an essential step in restoration with composite resin [1] . In pediatric dentistry however, contamination with saliva can occur inevitably because of child's abrupt movements or improper positioning of rubber dam [2] .
1-step self-etching adhesives were introduced to simplify restoration procedures. It would be beneficial for clinicians to perform simplified operation steps [3, 4] . However, significant decrease in the adhesive strength on saliva-contaminated dentin surfaces was reported in 1-step self-etching adhesives [3, 5, 6] .
Studies related to saliva decontamination of 1-step selfetching adhesives are controversial. Kim et al . and Ulker et al . [6, 7] suggested that washing and drying could restore the adhesive strength to primary dentin when salivary contamination occurs after photopolymerization. Fritz et al. [8] reported the adhesive strength was not restored sufficiently by washing and drying when saliva contamination occurs after photopolymerization.
Santschi et al. [3] reported that low sensitivity to moisture of 1-step self-etching adhesives were originated from hydrophilic molecules such as methacryloyloxydecyl dihydrogen phosphate (MDP) and 2-hydroxyethyl methacrylate (HEMA). The aim of this study was to evaluate the effects of saliva decontamination procedures on microtensile bond strength (MTBS) of 1-step self-etching adhesives with hydrophilic components to dentin of primary posterior teeth. 
Ⅱ. Materials and methods

Preparation of sample
Self polymerizing resin (Tokuso Curefast, Tokuyama Dental Corp., Japan) was used to fill a 15.0 × 15.0 × 10.0 mm mold, and each tooth was embedded up to the height of the cemento-enamel junction. 63 samples were cut perpendicularly to the long axis with a model trimmer (MT3 Plus Trimmer, Renfert, Hilzingen, Germany) to expose sound dentin. The exposed dentin surfaces were polished with a wet 600 grit silicon carbide abrasive paper. All samples were stored in distilled water at 25.0°C for 24 hours.
Classification of subgroups
63 samples were randomly divided into 3 adhesive groups.
Each group was randomly categorized into 7 subgroups.
For subgroup I, the adhesive was applied according to the manufacturer's recommendations without saliva contamination.
For all the other subgroups, the adhesive was applied according to the manufacturer's recommendations. Samples were contaminated with saliva for 20 seconds either before photopolymerization (subgroups II, III, and IV) or after photopolymerization (subgroups V, VI, and VII). For subgroups II and V, the teeth were dried for 5 seconds. For subgroups III and VI, the teeth were washed for 15 seconds, and dried for 5 seconds. For subgroups IV and VII, the teeth were washed for 15 seconds, dried for 5 seconds, and the adhesive was reapplied. All 7 subgroups were restored with composite resin.
The classification of the subgroups and the decontamination procedures are shown in Fig. 1 . Damaged blocks during cutting procedure were excluded. The number of specimens for each subgroup is shown in Table 2 . 
Ⅲ. Results
The MTBS was measured for all subgroups. The results for the different adhesives were compared for each subgroup. No significant differences were observed among the adhesives within subgroups that subjected to same decontamination procedure ( Table 2 , Fig. 2 ).
The differences in the MTBS values among the subgroups of each adhesive were tested. Significant differences were observed among the subgroups for all 3 adhesives (p < 0.001, Table 3 , Fig. 3 ). In the case of SBU and ABU, the MTBS values of subgroups II, III, V, and VI (contaminated by saliva before or after photopolymerization and decontaminated either drying alone or drying and washing) were significantly lower than those of subgroup I and subgroups IV and VII (contaminated by saliva before or after photopolymerization and decontaminated by washing, drying and reapplication of the adhesives)(p < 0.001). There was no significant difference in the MTBS values of subgroups IV and VII and subgroup I.
In the case of TBU, the MTBS values of subgroups II, III, V and VI were significantly lower (p < 0.001) than those of subgroup I and subgroup IV. The MTBS of subgroup VI was lower than that of subgroup VII. However, the difference was not significant. The MTBS of subgroup II was significantly lower than that of subgroup VI.
The distribution of failure modes and the percentage of adhesive, mixed, and cohesive failures are shown in Table 4 and In subgroup III, insufficient monomer infiltration and demineralized dentin surface were observed. In subgroups IV, V, VI, and VII, failure at the top of the hybrid layer was observed, as in the case of subgroup I. In subgroup VI, multiple voids were observed in the hybrid layer. No significant difference was found between the groups (p > 0.05). 
Ⅳ. Discussion
In this study, 3 ethanol-based 1-step self-etching which include 10-MDP and HEMA were selected to evaluate the effects of saliva decontaminations on MTBS of 1-step self-etching adhesives to dentin of primary posterior teeth. Santschi et al. [3] reported that the reason for low sensitivity to moisture Regardless of the type of adhesives, significant decreases in the adhesive strength were observed in subgroup II (contaminated by saliva before photopolymerization and decontaminated by drying) compared to that of subgroup I. Hitmi et al. [9] reported that water of saliva was spread and remained within the adhesive layer when saliva contamination occurred before photopolymerization. The hydrophilic properties of 10-MDP and HEMA was identified for the reason. The initiation of chain growth during the polymerization was suppressed. Moreover, glycoproteins within saliva compromised copolymerization between the adhesive and composite resin, causing flaws at the interface of the adhesive and composite resin [9] . Only drying as a decontamination procedure was considered as insufficient to eliminate water and proteins on saliva-contaminated dentin surfaces. The adsorbed proteins were associated with polymerization shrinkage, which led to the fractures of the adhesive tags on the dentin surface (Fig. 5C, 5D ). Significant decrease in the adhesive strength between the primary dentin and composite resin was attributed to remained water and proteins. The MTBS value of subgroup III (contaminated by saliva before photopolymerization and decontaminated by washing, drying) was significantly lower than that of subgroup I. Yoo et al. [5] suggested that the adhesive layer was removed during washing and drying, exposing the dentin surface with insufficient monomer infiltration. Because the 1-step self-etching adhesives contain multiple hydrophilic molecules such as 10-MDP and HEMA, the adhesive layer could be easily removed by washing. Insufficient monomer infiltration into the dentinal tubules and a demineralized dentin surface were observed in SEM images (Fig. 5E, 5F) . As a result, the adhesive strength in subgroup III was decreased significantly.
For all 3 adhesives, the MTBS value of subgroup V (contaminated by saliva after photopolymerization and decontaminated by drying) was significantly lower than that of subgroup I. As glycoproteins in saliva was adsorbed in the oxygen-inhibited layer which contains unreacted polymers, the close contact between the adhesive and composite resin was disrupted [8, 10, 11] .
The result of this study assured that only drying for salivacontaminated surface was insufficient to remove the adsorbed glycoproteins. Multiple voids in the adhesive layer caused by water and proteins were observed in SEM images (Fig. 6A) .
The absorbed glycoproteins were considered as a dominant contributor for the decrease of the adhesive strength. In contrast to the results in SBU and ABU, no significant difference in the adhesive strength was found between subgroups VI and VII in the case of the TBU. As the adhesive strength of subgroup VI in TBU was significantly lower than that of the subgroup I, this difference was not interpreted as important.
For all 3 adhesives, the MTBS value of subgroup IV (contaminated by saliva before photopolymerization and decontaminated by washing, drying and reapplication of the adhesives)
was restored on a level with that of subgroup I. The availability of adhesive reapplication was confirmed by multiple studies [12] [13] [14] . It is considered that the loss of the adhesive layer and exposure of the demineralized dentin surface during washing and drying could be retrieved by the reapplication of the adhesives. In SEM images of subgroup IV, failure of bonding was observed at the top of the hybrid layer, as in the case of subgroup I (Fig. 5G, 5H ).
For all 3 adhesives, the MTBS value of subgroup VII (con- that the adhesive strength would be restored by reapplication of the adhesives (Fig. 4, 6C, 6D) .
It was reported that the clinically acceptable MTBS for adhesives is 15.0 to 20.0 MPa or more [15] . For all the 3 adhesives, 
